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ABSTRACT

As aroutine wood source for a pulp mill, recent past studies have shown thet intensively-
managed, short-rotation hardwood plantations are not cost effective. The objective of this study
was to determine if these plantations may be cost effective as “green” inventory, replacing some
portion of high cost remote woodyard inventory. Three southeastern pulp mills were used as
case sudies in a net present value andysis. Short-rotation hardwood plantations of eastern
cottonwood (Populus deltoides) were used to replace a portion of remote woodyard inventory,
with wood ddlivered to a pulp mill only when inventory levels become criticd.  If this “green”
inventory is not used, these plantations continue to grow until needed. With current yield from
an experimentd fiber farm, short-rotation plantations were not cost effective as “green”
inventory. However, if yield could be increased gpproximately 33% through expected genetic
improvements, al three pulp mills could have reduced overal wood cost by establishing a fiber
fam.

INTRODUCTION

Procuring wood, especidly hardwood, during the winter months for a pulp mill in the
Southeast has some difficulties. Soft ground reduces the operationd feasbility of many dtes,
forcing companies to store hardwood in woodyards for retrieval during wet weether.  Short-
rotation, intensively-managed hardwood plantations grown on dry sites could replace some
volume companies are storing in remote woodyards.

An exlier part of this study determined hardwood fiber farms are expendve to establish
and the wood from these hardwood plantations delivered to a pulp mill is well above that of
norma deivered furnish (Galagher, 2003). It was dso a much higher cost than what Bar (1998)
determined, probably due to yield differences. Both reports indicate that it could be severa
years before hardwood stumpage prices in the South increase to thelevel necessary to justify
intensive culture plantations as a daily source of fiber. However, short-rotation hardwood
plantations could be used as a “green inventory” dternative to supply a pulp mill during severe
weather. “Green inventory” refers to a strategicaly located, intensvely managed, short-rotation
hardwood plantation (fiber farm) that could be harvested at any time to provide a surge of wood
into the pulp mill.

Wood cost savings should accrue since the company will buy less wood to be stored on
remote woodyards (a more expensve option) and will replace it with wood purchased directly
from the woods to the pulp mill. If less wood is purchased during the inventory building phase
In a given year, savings should occur in total wood cost. The additiond volume in “green
inventory” hardwood plantations would be harvested only when the procurement manager for
each pulp mill determines inventory levels &t the pulp mill have reached a criticd stage. If adry
winter occurs, and the pulp mill wood inventories do not drop below acceptable levels, the
hardwood plantation will be left sanding to grow another year. Then, the following winter, a
reduced volume will need to be purchased for storage on remote company woodyards.
Assuming this occurs over a period of severd years, a substantial reduction in totd, overal wood

cost may be achieved.



Wood stored in remote woodyards typicaly caries a $1 Ofton premium over deliveries
directly to the mill from the woods (Martin, 2001). Wood stored & a remote woodyard must be
unloaded, stored, and then reloaded onto trucks or railcars. These additiona operations, along
with some deterioration as the wood ages in the woodyard, add cost to the materid.
Additiondly, remote woodyard materid must then be transported to the pulp mill, further
increasing costs. The amount of additiona cogts will vary with age of the wood (amount of
deterioration), distance to the mill, and size of the woodyard, but $10/ton is typicd. Thus, if
10,000 tons of materid were avalable in “green inventory” and could replace an equa amount
of remote woodyard inventory, a potential $100,000 savings in wood cost during the yesar
($1 Ofton savings x 10,000 tons) could be redlized. Although our earlier analysis showed thet
wood ddiveries from afiber farm cannot compete on a cost basis with gatewood, this additiona
savings over remote woodyard storage may offset the rdlatively high cogt of the fiber farm
materid used when pulp mill wood supplies are low.

Thus, this research project has the following specific objectives:

Using a decison modd developed in an earlier sudy, determine the cost
feashility of using short-rotation, intensvely managed plantations as “green
inventory” in actud pulp mill inventory stuations. Actua hardwood inventory
and cogts for three southeastern pulp mills will be used as case studies to vaidate
the feadhility of “green inventory”.

MATERIAL AND METHODS

The cost feashility of short-rotation hardwood plantations as “green inventory” for
Southeastern pulp mills was andyzed by determining the total wood cost savings of keeping
“green” inventory instead of roundwood inventory on remote woodyards. Three cooperating
southeastern pulp mills who supplied hardwood wood cost and inventory levels over athree-year
period were used as case studies to determine if using short-rotation hardwood plantations as
“green inventory” would have reduced wood cost.

For each of the three years, hardwood inventory levels were andyzed to determine if pulp
mill inventory ever reached a critical level. The critica level was defined by procurement
personnd from each mill and was determined to be when actud inventory levels dropped below
50% of inventory god; however, it will vary dightly with season. Inventory goas are st by
management and are determined to be the amount of wood the pulp mill needs to store each
month to effectively buffer day-to-day and week-to-week inventory fluctuations, and these gods
provide a set probability that the mill will not run out of wood, causng a curtailment in paper
production. Actud inventories, of course, vary based on consumption and deliveries. Only
when inventory reached a criticd leve would green inventory be harvested and delivered to the
pup mill.

Savings could occur each year for the available volume of “green” inventory as an
equivaent volume of roundwood would not be purchased and stored at remote woodyards. The
savings for this volume was the $1 O/ton additiond cost associated with remote woodyard
roundwood.

Each pulp mill was andyzed as a separate operation, first using low yield and then high
yidd plantations. For each andlyss, it was assumed that a fully operationd fiber farm was
dready established with equal acres in each age class for the selected rotation length in the
decison moded, as though the green inventory system were dready up and running after initia
establishment in order to understand how a working fiber farm could influence annua operations
and cogts. For each year at each pulp mill, there are three potentia cash flows: 1) cogtsto
operate the fiber farm, 2) annua savings from the volume of wood in hardwood plantations, and
3) replacement of high cost ddliveries.



Costs each year to operate the fiber farm were summarized and considered as expenses.
These costs were calculated on the acres in each age class of plantation on the fiber farm.

Savings were totaled by multiplying the amount of volume available from the hardwood
plantations by the woodyard premium ($10/ton). Volume was only included from plantations
that were age 5 and higher.

The lagt annua cash flow in the decison modd came from offsetting wood purchases
with plantation wood. This occurred only during a year when green inventory was harvested.
All the costs associated with the hardwood plantations were aready accounted for on an annua
bass in the decison model as an expense. When the green inventory wood was harvested, it was
then ddlivered to the pulp mill a the average harvesting cost for the area (dl stumpage cost was
included above as expenses). This plantation wood offset the highest priced hardwood ddlivered
during a amilar time period (within 2-3 months). Therefore, the price differentid between
plantation wood and these suppliers was accounted as savings.

All the costs and dl the savings over the three-year period were used as cash flowsin a
net present value analyss, Smilar to the way Lothner (198 1) analyzed plantations in his study.
Two scenarios were andyzed with the decison mode for each pulp mill. The first anaysis was
done using the lower yidd plantations that are representative of the operational, industry fiber
farm located in the Southeast. A second scenario was completed for each pulp mill using the
higher yidd plantations, assuming that genetic improvements and operationa efficiencies result
in the higher yidding fiber faams.

While the decison mode was being used, if a dry winter occurred and criticd levels
were not reached, the volume was carried over to the next year and additiona volume was added
due to growth. Also, in the event of severd dry yearsin arow, an assumption was made to
harvest any plantations reaching age 10.

RESULTS AND DISCUSSION
Pulp Mill #1 Andyss

Pulp mill 1 (Figure 2) had the lowest hardwood inventory god of the three mills, pesking
at 80,000 tons during the winter. For this first analyss with the low yield decison modd, it was
assumed a 400-acre plantation was aready established. All plantation costs for that year were
$199,321. There were 8323 tons of green inventory available, therefore, that amount of less
wood was purchased and stored in remote woodyards a a savings of $1 Ofton and totaing
$83,229.

The hardwood inventory leve for pulp mill 1 was input into the decison modd. During
year 1, actud inventory level never reached the critical level of less than 50% of god, so no
short-rotation plantations were harvested. All the acres across each age class were carried into
the next year.

Year 2 plantation costs of $186,002 and savings of $122335 (12,234 tons x $1 Ofton) are
shown in Table 1. During year 2, low inventory leves in February resulted in 57 acres (1 age
class) of hardwood plantation being harvested with atota of 3984 tons of fiber. Looking at
hardwood ddiveries to the pulp mill during that same period, some woodyard wood delivered for
$34.21/ton. Roundwood from the plantations offset that woodyard materid and delivered for
$12/ton (because dl the other plantation costs were aready accounted for), so an additiona
wood cost savings of $85294 was redized.

During year 3, low inventory levelsin October caused by reduced ddiveries of wood
resulted in 57 acres of hardwood plantation being harvested, again with atotal of 3984 tons of
fiber. These fiber farm deliveries offset some roundwood that arrived a the mill a a of cost
$33.74/ton and generated a wood cost savings of $84,656.
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Figure 2. Hardwood inventory levels for pulp mill 1. The actud mill and field (woodyards)
inventory are stacked as a bar againgt the lines that indicate inventory goals.

A three-year summary of the costs and savings are shown in Table 1. The net present
vaue of this cash flow was a negative $83,694. Even though annua cash flows were positive for
two of the three years, the fiber farm with alow yield was never able to make up for the first year
loss.

Table 1. Summary of dl cash flows ($) for a net present vaue andyss of green inventory for
pulp mill 1 with low yield plantations on a 400-acre fiber farm.

Pantation costs Inventory Wood cost Annud
savings savings cash flow
Year | 199,321 83,229 0 -116,092
Year 2 186,002 122,335 85,294 +2 1,627
Year 3 198,713 122,454 84,656 +8,397
Net present vdue = | ($83,694) Average= | -28,689

Finding the net present value negative for the low yield plantations was expected

given the high ddlivered cost for hardwood plantations developed in the previous chapter. A
second scenario was run using the earlier assumption of higher yielding plantations and therefore
lower codts per unit. These higher yields should come through genetic improvements and
operation optimization (Stanturf, 2003). The same 400-acre farm is established (Table 2), so
plantation cogts for the three years of the andysis are the same. Inventory savings are higher
because there is additiona volume available each year from the higher yieding plantations.

The need to harvest follows a Smilar pattern to the first scenario: no wood was cut in
year 1, 57 acres were harvested in year 2 and 57 acres were harvested in year 3. Wood cost
savings for the offset deliveries amounted to $111,702 in year 2 and $112,896 for year 3. The
net present vaue for this scenario is a positive $63,485 (Table 2). While year 1 was again a
negative cash flow, years 2 and 3 had much higher positive cash flow from both inventory and
wood cost savings, thereby resulting in a poditive three-year average.



Table 2. Summary of dl cash flows ($) for a net present value andysis of green inventory for
pulp mill 1 with high yield plantations on a 400-acre fiber farm.

Plantation costs Inventory Wood cost Annua
svings savings cash flow
Year | 199,321 111,029 0 -88,292
Year? 186,002 163,175 111,702 +88,875
Year 3 198,713 163,333 112,896 +77,5 16
Net present value= | $63,485 Average= | +26,033

The benefit of getting additiond volume from the high yied plantations for the same
plantation cogts, thereby dlowing more woodyard inventory to be offset annudly and more
deliveries offset when plantations are harvested is shown by the positive NPV. While the
volume is ill nowhere near what Bar (1998) edtimated, the additiona volume is enough to the
necessary savings to judify a fiber farm.

Pulp Mill #2 and 3 Analyses

The inventory graphs are not shown because of space limitations, however for both mills,
they were able to keep actud inventory a or near inventory goa mogt of the time during years 1
and 3. But for both pulp mills, year 2 was impacted by dow ddiveries and inventory fell to
critical levels. For these analyses, both mills required multiple age classes of green inventory to
be harvested in year 2 to prevent curtallment of pulp mill operations.

The year-to-year costs and savings for each individua analyss from the decison mode
can be found in Appendix B. A summary of dl the andyses is found in Table 3. Pulp mills 2
and 3 were amilar to pulp mill 1 in that they al had negative net present vaues with low
yielding hardwood plantations. All 3 mills had a positive NPV once the higher yielding
plantations were involved.

The underlying effect that drives the savings for fiber farms is not having to sore large
quantities of wood on woodyards to prevent pulp mill curtailment. It's the stochastic nature of
wood ddiveries that Gabraith and Meng (198 1) firg reported when doing inventory anaysis
that dlows this assumption. And while supply, demand and production lead time change
regularly due to environmental redtraints, as shown by LeBel and Caruth (1997), some wood
ddiveries will ill make it to the pulp mill. Only in the event of an extended drop in deliveries
would fiber farms then support procurement efforts and prevent the mill from possble
curtallments.

Table3. Summary of the net present vaues for low and high yield hardwood plantetions as
green inventory for three southeastern pulp mills (numbers in parenthes's are negetive).

Scenario | Pulp Mill | Yield | Acres | Net present value | Average annual cash flow
1 1 Low | 400 | ($83,694) ($28,689)

2 1 High |400 | $63,485 $26,033

3 2 Low | 600 | ($584) ($2,640)

4 2 High | 600 | $236,820 $84,150

5 3 Low | 600 | (847,533) ($17,669)

3 3 Hich | 600 | $168.040 $61.521




CONCLUSIONS

The objective was to examine the cost and operationa feasibility of establishing a
drategicaly located, intensvely-managed, short-rotation hardwood plantation (“fiber farm”) to
serve as “green inventory” for a southern pulp mill. Once established, the green inventory should
alow the firm to reduce the treditiona amount of purchased and stored woodyard “winter”
inventory that may be needed to insure an adequate raw materid supply. During the winter, if
and when pulp mill inventory declines to a predetermined “critica” level, some portion of the
green inventory would be harvested, otherwise it would remain growing for potentid usein a
future yesar.

The results of the green inventory andyses on three cooperating southern pulp mills show
that the concept may be operationdly feasible and cost-effective under the following conditions:

a. The pulp mill uses amilar practices as the three case sudy pulp mills to build inventory
for the winter, storing wood in remote woodyards for later retrieval when ddliveries are
slow.

b. Yieds from the fiber farm increase over time above volumes previoudy reported by the
limited operationd trids in the South. This is reasonable to expect, given the documented
increase in yidds redized from exigting, large-scale operations in the Pacific Northwest
through genetic manipulation.

¢. Wood from the fiber farm would not be needed or used every year, dlowing substantia
cost savings from reduced woodyard inventory to accrue and additiona growth to occur
during periods of the rotation. If (expensive) fiber farm wood ddliveries had to be used
too frequently, any woodyard inventory savings would likely be depleted.

In summary, wood from intensvely managed, short-rotation hardwood plantations is currently
too expensve to become a regular source of furnish for southern pulp mills any time soon, but
may, under certain circumstances, be drategicaly used in a limited capacity as “green inventory”
to reduce overdl wood cogt through inventory savings for some mills.
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